Introduction
Birch (Betula platyphylla), as a pioneer tree species widely distributed in China, mostly in Northeast and Inner Mongolia, has been commercially used in furniture, pulpwood, architecture, and many specialty items for its special traitshard, elastic, and uniform structure (17) . It can grow well under abiotic stress caused by low temperature, drought, and high acidity, where other trees like spruce cannot be grown (15) . These medium-sized trees are commonly found in the mixed hardwood-conifer forests but may form nearly pure species where their habitats have been disturbed by fires or other natural disasters.
One of the major problems limiting the application of birch is the long juvenile phase before flowering. Previous results indicated that birches have life spans of 50 to 100 years and a long juvenile phase (ca. 15 years), indicating slow maturation. Consequently, they begin flowering after 15 years. Therefore, shortening this phase will advance flowering and then directly enhance the application of birch. However, little is known about the underlying molecular mechanism and the biochemical pathways controlling this phase. At present, a breakthrough has been made in accelerating genetic breeding by way of manipulating some early flowering genes, which may trigger birch pre-flowering. A few flowering-related genes have been found in Betula pendula, such as BpSPL1 (12) , BpFULL1 (11) , and some MADS-box genes have been isolated and functionally characterized (7, 9) .
In this study, our aim was to identify specifically expressed genes and gene families focusing on the male and female inflorescence of birch, based on optimized birch cDNA-AFLP technical system (20, 21) . Many of the male and female specifically expressed TDFs were screened, isolated and sequenced. Through GO annotation and KEGG pathway analysis, some specific biochemical and physiological processes in the male and female inflorescence were discovered, providing more molecular insight into the understanding of birch flowering and control flowering in advance.
(4), dscDNA from different samples were synthesized by using M-MLV Rtase cDNA Synthesis Kit (TaKaLa, Dalian, China). Low-frequency enzyme EcoR I and high-frequency enzyme Mse I were chosen for double-digesting the dscDNA. After pre-amplification and selective amplification, the amplified fragments were separated on 6% polyacrylamide gels. TDFs of interest were excised from gels and resuspended in ddH 2 o as templates for sub-cloning.
Sub-cloning and sequencing of TDFs
Isolated TDFs were amplified by PCR using the eluted fragments as templates. Two selective primers without additional selective bases were used. Some of the re-amplified products were checked on the same polyacrylamide gels. Other products were directly subcloned into the vector system pET28a (Novagen, Inc.). Sequencing was done by an automated sequencer.
Sequence analysis
Homologies for all TDFs were obtained by comparing them with GenBank nr databases using BLAST 2.0 programs with default parameters and significant similarity was declared for ESTs with E-value lower than 10 -10 (1). cDNA end sequences up-/down-stream of TDFs subjected to RACE analysis were assembled to obtain full sequence using the PCGENE program (IntelliGenetics, Campbell, Calif.). Known TDFs matches were classified into different functional groups and different metabolism pathways by using the GO website (http://www. geneontology.org/) with E-value lower than 10 -5 (2) and by using KEGG pathway analysis (10), respectively.
Results and Discussion

Isolation of total RNA
The quantity and quality of RNA extracted from different organs varies widely and depends on the fraction of cytoplasmically rich cells. RNA concentration was determined spectrophotometrically and adjusted to a final concentration of 2 μg/μl. The integrity of RNA was examined by electrophoresing samples on 1% Agarose/EtBr gel. The total RNA of male and female inflorescence exhibited two bright bands which correspond to ribosomal 28S and 18S RNA, respectively ( Fig. 1) , indicating the total RNA met the requirements for conducting cDNA-AFLP fingerprinting. Expression profiling by cDNA-AFLP Flowering is a complex physiological and developmental process during plant life cycle. It is dependent not only on plant species itself, but also on environmental conditions. To gain a better understanding of flowering, we undertook a molecular approach to isolate and identify male inflorescence and female inflorescence specific ESTs. For this purpose it was necessary to develop a system to monitor flower specific genes. cDNA-AFLP, as a new technology enabling to visualize the differentially expressed genes at the transcriptional level, has been widely used in screening functional related genes (4). It is known that this technique has a notable reputation for being able to differentiate true differential bands and false positives (3) . Using this method it was also shown that different developmentally regulated expression patterns can be detected with different primer combinations, revealing up-regulated or down-regulated status. Moreover, when compared to powerful cDNA-microarray technology, this approach is much cheaper and readily applies to all species. Some floral-related genes in other plants, such as Petunia hybrida (5), Camellia sinensis (14) , Brassica nigra (13) , and Triticum turgidum (16) , were screened, cloned, and well characterized by this method. The cDNA-AFLP approach retrieved useful information on gene expression and on changes thereof between male and female inflorescence of birch. This method enabled us to select male or female inflorescence specific TDFs and to detect transcriptional level changes potentially related to flowering. The size arrangement of expression patterns in 6% polyacrylamide gel ranged from around 2000 bp at the top to about 1000 bp at the bottom. A section of a typical gel used in the analysis is shown in Fig. 2 , which indicates that clear, high resolution, abundant, and reproducible electrophoresis bands were obtained. By using the cDNA-AFLP approach, 3 different expression patterns were detected in the inflorescence of birch: 1) constitutive expression (Fig. 2, arrow A) ; 2) male inflorescence specific expression (Fig. 2, arrow B) ; 3) female inflorescence specific expression (Fig. 2, arrow C) . By running up to 100 primer combinations, in total around 7,000 TDFs were screened during the early developmental stage of inflorescence of birch. By counting 2 polyacrylamide gels (30 primer combinations), almost 87% of TDFs revealed constitutive expression (A type). Around 168 TDFs displayed male inflorescence specific expression pattern (B type), indicating nearly 8% of the transcripts showing male inflorescence specificity. About 103 of the TDFs were specifically expressed in the female inflorescence (C type), accounting for 5% of the transcripts in Fig. 2 . Therefore, extrapolating these results to 100 primer combinations used means that in total about 6090 TDFs showed a constitutive expression pattern, nearly 560 TDFs were male inflorescence specific, and only 350 TDFs displayed female inflorescence specificity.
Analysis of ESTs
Using the cDNA-AFLP method, we have for the first time been able to systematically screen genes specifically expressed in the male or female inflorescence of birch. In principle, if the appropriate sets of restriction enzyme combinations are chosen for all cDNAs in a given template pool, virtually all expressed genes including rare messages can be detected. In plants, it has been estimated that a total of between 16,000 to 33,000 genes are encoded in the genome (6, 8) . For example, about 20,000 different genes are involved in the process of anther and pollen development (18, 19) . Therefore it could hardly be expected to isolate just one or two genes that participate in the phenomenon of flowering. By running up to 100 primer combinations, approximately 7,000 TDFs were screened by using the cDNA-AFLP method. In general, most of the isolated TDFs are protein coding regions of genes. However, nearly 46% of the TDFs revealed no matches in the NCBI databases. This phenomenon means that similar TDFs have not been discovered in other organisms or that these TDFs code for protein motifs with special functions which have not been found. In this study, we not only isolated specifically expressed genes, but also isolated some gene families, such as MADS and AP2, which are involved in inflorescence forming, differentiation regulation, pollen-stigma interactions control and pollen tube development. The obtaining of these TDFs will provide a better platform for analysis of the mechanism of birch flowering and as alternative genes for cloning to partially discover the development of birch inflorescence.
By running 30 screened primer combinations with two selective bases (M CG +e XX ), 168 of the male inflorescence specific TDFs and 103 of the female inflorescence specific TDFs were selected for further study. After subcloning and sequencing, the sequences of TDFs were analyzed by using the NCBI database. It was obtained that about 146 out of 271 TDFs share high amino acid similarity to putatively known genes by BLAST and ESTs searching in NCBI dbEST, while 125 out of 271 TDFs do not show any sequence similarity. The information about all male and female inflorescence specific TDFs is presented in Table 1 and Table 2 , respectively.
Through GO annotation and KEGG pathway analysis, functional classification can forecast some of the biochemical and physiological processes involved in inflorescence formation and development. The percentage of TDFs of male or female inflorescence suggested to be related to carbohydrate transport and metabolism, lipid transport and metabolism, and amino acid transport and metabolism were identical (ca. 40%). However, 5.95% of the male inflorescence specific TDFs, and only 2.91% of the female inflorescence specific TDFs, were expected to be involved in energy production and conversion. In other words, it could be concluded that the male inflorescence spends more energy than the female inflorescence. This phenomenon may be explained with the special developmental mechanism of birch inflorescence. Previous results indicated that male inflorescence is formed at the last day of May, which is about 30 d later than the female inflorescence. The development of the male gametophyte is obviously different from that of the female gametophyte. The flower does not form a mature male gametophyte the same year, but after overwintering, the male inflorescence develops to maturation until the middle ten days of April at the following year. Therefore, the male inflorescence spends more energy to maintain its life in winter. Moreover, functional classification can also predict male or female inflorescence specific biochemical processes occurring during flowering. Phenylalanine metabolism, phenylalanine, tyrosine, and tryptophan biosynthesis are male inflorescence specific processes, while pentose and glucuronate interconversion, glyoxylate, and dicarboxylate metabolism are female inflorescence specific processes. Based on the function of putative gene products and biochemical processes, we can select some TDFs for further study of their function by transforming them into Arabidopsis or birch.
Conclusions
Our data indicate that the cDNA-AFLP technique is a useful tool for isolation of genes specifically expressed in the male or female inflorescence of birch. Combining related bioinformatics analysis, we can not only forecast the biochemical and physiological processes involved in inflorescence formation and development, but can also predict male or female inflorescence specific biochemical processes occurring during flowering. The ongoing studies are focused on analyzing the function of a single TDF in detail by transforming it into Arabidopsis or birch to partially discover the developmental mechanism of birch inflorescence. 
